The early-age reaction kinetics of alkali-activated ground granulated blastfurnace slag (GGBFS) binders as determined by in-situ isothermal calorimetry are discussed in this paper. Particular attention is paid to the effects of activator type (sodium hydroxide and sodium silicate) and concentration, as well as curing temperature (23
cussed to provide context for the phenomena observed in the kinetics results.
It is shown for both activators that elevated temperature curing greatly accelerates hydration, resulting in more rapid product formation and strength development. High-molarity sodium hydroxide activators are shown to accelerate early hydration at ambient temperature, but tend to present a barrier to advanced hydration thereby limiting the later-age strength. Elevated temperature curing is shown to remove this barrier to advanced hydration by improving solubility and diffusivity. Hydration of sodium silicate-activated strength, durability, and heat of hydration [1] [2] [3] [4] [5] [6] [7] . Despite its benefits when 10 used in conjunction with portland cement, slag shows only latent hydraulic 11 properties when used as the sole binder. While successful replacements of 12 up to 70% of portland cement with slag have been routinely demonstrated, 13 replacement is often limited to about 40 % in North America [7] .
14 In pure water, slag rapidly develops a glassy shell on the grain surface, The behavior of alkali-activated aluminosilicates is highly dependent on 27 the type and concentration of the alkaline activator and on the curing tem- very rapidly [12, 20] . This early product formation, however, is accompanied 36 by the formation of a dense reaction ring surrounding incompletely-reacted 37 slag grains and limiting continued diffusion and product formation [15, 28] .
38
As such, increased concentration of the sodium hydroxide activator often 39 does not improve mechanical strength.
40
Several studies have reported in detail on the composition of the hydra-41 tion products in alkali-activated slag cured at both ambient and elevated 
55
[35] showed the effect of silica on the kinetics of sodium silicate-activated slag,
56
citing an increase in both the magnitude of the initial heat evolution peak 57 and in the duration of the acceleration period. In addition, Haha et al. [36] 58 discussed the effect of activator type on the hydration kinetics of activated 59 slag, concluding that the high initial rate of reaction in sodium hydroxide-60 activated slag limited the later-age decrease in coarse porosity, and therefore 61 limited the later-age strength as compared to sodium silicate-activated slag. for SEM analyses, and cubic specimens were used for strength evaluation.
120
Specimens were either moist-cured at ambient temperature or heat-cured at 
138
[28].
139
Reaction kinetics were studied using in-situ isothermal conduction calorime-140 try in accordance with the specifications of ASTM C1702 at 25
• C and 50
141
Calorimetry is ordinarily performed using ex-situ mixing, where the sample systems, significant product formation also occurs during this time period.
148
It is therefore necessary to accurately measure the heat evolution during the 149 very-early stages of the alkali-activation reaction. In order to do so, in-situ 
196
The reaction kinetics in NaOH-activated slag systems are described by The hydration of NaOH-activated slag was greatly accelerated at 50
• C.
208
Only one major heat evolution event was recorded at all activator molarities.
209
The most rapid parts of the reaction occurred within the first three hours, previous section again echo this conclusion.
217
The reaction kinetics in SS-activated slag systems with varying silica mod- 
249
The reaction kinetics in SS-activated slag with varying sodium oxide con- 
312
This indicates that, while hydration was slower with higher silica modulus,
313
the product formed is of higher quality; the practical implication of this con-314 clusion is that the binder will be of higher strength, as evidenced by the less, the mechanical strengths were similar at both curing temperatures.
320
The microstructure of SS-activated slag with varying sodium oxide con-321 centration and constant silica modulus (m = 1.5) is compared in Figure 7 .
322
The density, degree of refinement, and abundance of the ground mass gel of Si (in atom %) is also given in Table 2 . Although it is not visible from 337 microscopy due to the very small scale, the inclusion of large quantities of
338
Mg and Al indicate the presence of hydrotalcite within the C-S-H product.
339
This has been previously observed by several studies [12, 31] .
340
The abundance of Si in the inner product and ground mass gel in NaOH- Table 2 : Average atomic ratios for reaction products in NaOH-and SS-activated GGBFS (IP = inner product, OP = outer product) 
